Volatile and semi-volatile secondary metabolites, as well as aristolochic acids (AA), present in leaves, stems, and flowers of Aristolochia ringens were determined by gas chromatography (GC)-mass spectrometry (MS) and high-performance liquid chromatography (HPLC) methods, respectively. Metabolite isolation was performed using different extraction techniques: microwaveassisted hydrodistillation (MWHD), supercritical fluid extraction, and headspace solid-phase microextraction (HS-SPME). The chemical composition of the extracts and oils was established by GC-MS. The determinations of AAI and AAII were conducted by methanolic extraction of different plant parts followed by HPLC analysis. Essential oil yields from leaves and stems were 0.008 ± 0.0022% and 0.047 ± 0.0026%, respectively. Aristolochia ringens flowers did not yield essential oil under MWHD. Sesquiterpene hydrocarbons (66%) were the main compounds in the essential oil isolated from leaves whereas monoterpene hydrocarbons (73%) predominated in the stems essential oil. Yields of extracts isolated by SFE from leaves, stems, and flowers were 4 ± 1.8%, 1.2 ± 0.25%, and 4 ± 1.8%, respectively. In vivo HS-SPME of flowers isolated compounds with known unpleasant smells such as volatile aldehydes and short-chain carboxylic acids. HPLC analysis detected the presence of AAII in the flowers of Aristolochia ringens at a concentration of 610 ± 47 mg/kg of dried flower.
Introduction
Phytochemical investigations of semiepiphytic vegetable species of the Aristolochia genus (Aristolochiaceae family) from different parts of the world have revealed antibacterial, antispasmodic, and antiviral activities of their extracts and essential oils (1, 2) . In the majority of its species, this genus is characterized by the presence of nitrophenantrene derivatives, known as aristolochic acids (AA), which have been found to be carcinogenic (3) (4) (5) (6) (7) . In Colombia, Aristolochia ringens Vahl, popularly known as "guaco", is extensively spread in different zones of the country (Departments of Antioquia, Cundinamarca, Huila, Magdalena, Valle, and Santander). A. ringens Vahl is a climbing plant with long stems, leaves (17 cm) , and flowers (18 cm). In this work, gas chromatography (GC)-mass spectrometry (MS) and high-performany liquid chromatography (HPLC) methods were applied to determine the chemical composition of A. ringens, the secondary metabolites present in leaves, stems, and flowers. Flower scent was sampled with in vivo and in vitro headspace solidphase microextraction (HS-SPME) techniques. Microwave radiation-assisted hydrodistillation (MWHD) and supercritical CO 2 extraction (SFE) were used to obtain essential oils and extracts from stems and leaves.
HS-SPME
For in vitro sampling, fresh A. ringens flowers (2.5 g) were manually chopped up with a sharp knife (~1 cm² pieces) and placed in a screw-cap vial (12 mL), equipped with a porous polytetrafluoroethylene (PTFE)-silicone rubber septum. After a preequilibration period (10 min) in a water bath (60ºC), the SPME fiber (PDMS, 100 µm, or PDMS/DVB, 65 µm) was exposed to the headspace inside the vial for 30 min. The SPME fiber was removed and transferred to the injection port of a GC (250°C, 5 min). The same procedure was used with a standard hydrocarbon mixture (C10-C25). Triplicate extractions were performed.
A transparent (polyacrylic) cylinder (15 cm i.d. × 40 cm, one end open) equipped with a side arm to support a SPME device was carefully brought next to an A. ringens vine and fixed in a position such that it surrounded a complete flower. After a temperature equilibration period (20 min), a SPME fiber (PDMS/DVB, 65 µm) was exposed for 30 min to the headspace inside the cylinder. The fiber was subsequently removed and transferred to the injection port of a GC. This in vivo HS-SPME sampling was performed in duplicate.
Chromatographic analysis
Compound identification was based on chromatographic (retention times, retention indices, and standards) and spectroscopic (spectral interpretation, comparison with databases, and standards) criteria (9, 10 employed. The oven temperature program employed with the DB-5MS column was from 45°C (2 min) to 150°C (5 min) at 6°C/min, then to 275°C (10 min) at 8ºC/min. For the DB-WAX column, the oven temperature was programmed from 45°C (5 min) to 150°C (3 min) at 3°C/min, then to 220°C (5 min) at 4°C/min. The ionization chamber and the transfer line temperatures were kept at 230°C and 285°C, respectively. A 1:10 split ratio was employed when SPME samples were analyzed. A C10 -C25 mixture of n-alkanes was run under the same chromatographic conditions employed with the samples in order to provide retention time data required for the calculation of Kovàts indices.
The HPLC determination of aristolochic acids I (AAI) and II (AAII) followed the procedure of Jinbin et al. (11) . A. ringens leaves, stems, and flowers were dried, powdered, and studied separately. Methanol (5 mL, HPLC-grade) was added to sample material (0.1 g) in a capped culture tube that was subsequently sonicated (15 min) and centrifuged (3000 rpm, 10 min). The supernatant was removed, and six additional cycles of methanol extraction were performed. The combined extracts were concentrated under gentle nitrogen flow to 10 mL. All extracts were filtered (0.45 µm, cellulose acetate) prior to HPLC analysis. The whole procedure was carried out in triplicate.
The AAI and AAII determinations were performed on an Agilent Technologies 1200 Series liquid chromatograph equipped with an UV-Vis diode array detector and an Agilent Technologies Zorbax Eclipse XDB-C 18 column (4.6 mm × 150 mm). The mobile phase employed was a 3:2 mixture of methanol and aqueous acetic acid solution (0.1% v/v) at 1 mL/min under isocratic regime. The column temperature was maintained at 30ºC. Data acquisition used a 200-400 nm scan. The absorbance at 252 nm was employed for quantification. AA identification was based on comparison of retention times and UV spectra with those of certified standards (Sigma Aldrich, St. Louis, MO).
Results and Discussion
The present work contains examples of techniques employed to isolate secondary metabolites from different tissues found in the A. ringens vine, the delicate flower tissues, soft leaves, and the hard stems. Differences in solubility, vapor pressure, and diffusion rates among the metabolites within these diverse matrices and in the extracting fluid act as filters or selection criteria, which modulate the mass transfer processes. Thus, a single sampling technique does not provide a complete depiction of the secondary metabolite profile of a plant. Obtaining such a representative account requires a combination of sampling approaches. While HS-SPME is appropriate for sampling highly volatile substances, SFE is more suited to isolate much heavier, non-polar substances such as diterpenes.
Leaves
Typical chromatographic profiles of the secondary metabolites obtained from fresh A. ringens leaves with MWHD or SFE are presented in Figure 1 . Peak assignments and relative amounts appear in Table I . While 36 identified substances represented 84% of the total chromatographic area of the essential oil, just seven components corresponded to 81% of the SFE extract chromatographic area. Much lower extraction yields were obtained with hydrodistillation (0.008 ± 0.0022%, n = 3) than with SFE (4 ± 1.8%, n = 3). The MWHD essential oil obtained from fresh A. ringens leaves presented a penetrating smell and a slightly yellow translucent color. Its main components were trans-4(14),5-muurola-diene (13%), bicyclogermacrene (12.8%), trans-β-caryophyllene (11.4%), and methyl copalate (10.3%). An interesting feature of this essential oil is its low monoterpene content. Sesquiterpenes (66%), oxygenated sesquiterpenes (19%), and diterpenes (14%) were the main compound families found in the essential oil obtained from fresh A. ringens leaves.
Stems
In comparison with leaves, fresh A. ringens stems afforded higher yields of essential oil (0.047 ± 0.0026%, n = 3) but lower yields of SFE extract (1.2 ± 0.25%, n = 3). Typical chromatographic profiles of the isolated secondary metabolite mixtures appear in Figure 2 . A total of 46 essential oil components, representing 98% of the total chromatographic area, were positively identified (Table II ). In contrast with the essential oil isolated from leaves, the oil from the stems was rich in monoterpenes (73%), whereas sesquiterpenes represented 13% of the oil components, followed by oxygenated monoterpenes (10%) and oxygenated sesquiterpenes (3%). Table II contains the identification of 20 components of the SFE fraction, which represent 86% of the total chromatographic area. This extract composition was qualitatively different from that obtained from leaves due to the presence of monoterpenes (limonene was its main component, 19,8%) and the lower relative amount of methyl copalate (11%). Larrahondo and Acevedo reported an ent-labdane diterpene as the main constituent of the A. ringens stems petroleum ether extract (12) .
Flowers
No oil was obtained from A. ringens flowers by means of MWHD. SFE of dry flowers afforded an extract (4 ± 1.8%, n = 3) composed almost exclusively of methyl copalate (9.1 ± 0.66 mg/kg of dry flower, n = 2). A. ringens flowers have a fetid smell that attracts saprophagous insects, which help in pollination (13, 14) . Flower Table II. scent was sampled in vitro by HS-SPME with a PDMS (100 µm) or a PDMS/DVB (65 µm) coating. The chromatographic profiles obtained from both coating types differed both in number of volatile compounds extracted and in their relative amounts (Table  III) . While the 17 positively identified components of the volatile fraction isolated with the PDMS coating represented 82% of the total chromatographic area, 33 identified components represented 96% of the total area of the fraction isolated with the PDMS/DVB coating ( Figure 3 ). As Table III shows, no aldehydes or low-molecular mass carboxylic acids were present in the volatile fractions isolated with HS-SPME. The identified constituents of these fractions were terpenes normally found in essential oils. On the other hand, the in vivo fraction that was sampled with HS-SPME using a PDMS-DVB coating, was composed mainly of substances of known unpleasant odor, such as undecanal, nonanal, decanal, and 2-methylbutanoic acid. The continuous emanation of these substances by the live flower permitted their accumulation on the SPME fiber in sufficient amounts to permit their chromatographic detection. On the other hand, in the in vitro sampling, the flowers are cut into small pieces, and a rapid change in coloration is apparent. Under these conditions, lowmolecular mass, aldehydes are no longer generated in a continuous manner. The detection of the remaining traces would require the use of a more sensitive sampling method such as on-fiber derivatization (15) . Further research into these in vivo and in vitro volatile profile differences is being conducted in our laboratory to clarify the contribution of tissue decay to the in vitro volatile profile.
Aristolochic acids
Methanolic extracts of A. ringens leaves, stems, or flowers, were examined with the HPLC method described previously using a 200-400 nm scan. Comparison of retention times and UV spectra with those of AAI and AAII standards revealed the presence of AAII in the flower extract. The remaining extracts did not contain detectable amounts of aristolochic acids. Limits of detection of 0.18 and 0.16 mg/kg were calculated for AAI and AAII, respectively, based on the calibration curves obtained for the implemented analytical procedure. Replicate determinations of the AAI and AAII standards showed a reproducibility (CV) of 0.068 and 10% for retention times and chromatographic peak areas, respectively. The chromatographic peak area of AAII found in the flower extract permitted the calculation of the concentration of AAII in dry A. ringens flowers as 610 ± 47 mg/kg of flower. This is a high AAII content compared with those reported for other Aristolochia species, such as A. debilis and A. fangchi (3) . An oral AAII dose of 25 mg/kg causes necrotic lesions in rats (6) . Therefore, a cautionary recommendation is to exclude A. ringens flowers from phytomedicinal products. On the other hand, the potential application of A. ringens extracts in pest control has been investigated. The A. ringens petroleum ether extract performed very well as a biocide in the protection of maize grains from infestation and damage by Sitophilus zeamais (16) . 
Conclusion
The secondary metabolite profile of Aristolochia ringens Vahl, a climbing vine now recommended for gardening, is very diverse. While the essential oil obtained from the leaves is rich in sesquiterpenes, the oil obtained from the stems is dominated by monoterpenes. Among the 80 different secondary metabolites found in A. ringens leaves, stems, and flowers, only 25 were common in essential oils isolated from roots of other 10 different Aristolochia species in Brazil (17) . The scents of collected or live A. ringens flowers differ dramatically. Volatiles emitted by flowers removed from the plant do not contain aldehydes at the levels detected by the GC-MS method employed, whereas live flowers have an unpleasant odor that results from the release of low molecular mass carboxylic acids and C9-C11 aliphatic aldehydes. AAII, a carcinogenic substance (7) was not found in leaves or stems, but A. ringens flowers contain it at the relatively high concentration of 610 ± 47 mg/kg.
